Mitochondrial dysfunction observed in situ in cardiomyocytes of rats in experimental diabetes.
The aim was to investigate effects of experimental diabetes and insulin treatment on heart myocytes, particularly on the mitochondrial function studied in situ in isolated cardiomyocytes. 20 male Sprague-Dawley rats (140-160 g) were made diabetic by intraperitoneal streptozotocin, 70 mg.kg-1. Ten then received daily subcutaneous injections of ultra lente insulin (starting dose of 3 units.d-1) for 7-15 d from the 20th day after streptozotocin. There was a control group of 11 rats. The rats were killed 21-35 d after the induction of diabetes, and heart myocytes were isolated by collagenase digestion. The 45[Ca]2+ uptake of mitochondria in situ in permeabilised myocytes, the transmembrane potential gradient of mitochondria, and the respiration of myocytes, as well as the cell yield and cell [45Ca]2+ uptake, were examined. Mitochondrial uptake of [45Ca]2+ was significantly decreased in the diabetic group compared to control at cytosolic calcium concentrations between 760 nM and 44.6 microM. The mitochondrial potential of diabetic myocytes, estimated from the distribution of [3H]triphenylmethylphosphonium+, was slightly but significantly decreased from the control value. Cell respiration, measured polarographically in the presence of pyruvate and malate or succinate as oxidisable substrates, and with or without 2,4-dinitrophenol, was decreased by diabetes. The rapidly exchangeable [45Ca]2+ content in the myocyte with intact sarcolemmal membrane ("cell Ca2+ uptake") and the yield of cells from heart tissue were also diminished in diabetic rats. These changes were returned to normal by insulin treatment of 7 d or longer. Insulin deficiency at early stages causes defects of mitochondrial function detectable in situ in cardiomyocytes. This suggests the possibility that such alterations are causative factors in the development of diabetic cardiomyopathy.